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The	 longitudinal	 residual	 stresses	 in	 the	 friction	 stir	 welded	 plates	 of	 5A06	 aluminium	 and	 pure	
copper	 were	 determined	 using	 the	 contour	 method.	 The	 results	 revealed	 the	 presence	 of	 high	
tensile	 and	 compressive	 residual	 stresses	 on	 the	 aluminium	 and	 copper	 sides,	 respectively.	 The	
residual	stresses	were	detected	on	the	weld	zone	as	well	as	the	thermo-mechanically	affected	zone	







automotive	 and	 electronics	 industries	 [1].	 In	 order	 to	 exploit	 the	 combined	 potential	 of	 these	
materials	a	reliable	and	viable	welding	method	 is	needed.	 	Fusion	welding	of	aluminium	to	copper	
has	proved	unsuccessful	mainly	due	to	the	differences	in	their	physical	and	chemical	properties.	For	
instance,	 unavoidable	 formation	 of	 hard	 and	 brittle	 intermetallic	 compounds	 (IMCs)	 at	 the	 weld	
zone	results	in	low	strength	and	very	low	impact	resistant	joints	[2,3,4].	
Friction	stir	welding	(FSW),	generally	regarded	as	a	solid-state	process,	is	one	of	the	most	promising	
solutions	 for	 joining	 dissimilar	 alloys	 e.g.	 aluminium	 to	 copper.	 Most	 of	 previous	 academic	 and	




as	 well	 as	 the	 material	 properties	 [11]	 all	 can	 affect	 the	 macrostructure,	 microstructure	 and	
mechanical	properties	of	the	Al-Cu	joints.	The	mechanical	mixing	of	Al	and	Cu	during	FSW	results	in	
composite-like	structures	which	consist	of	copper-rich	particles	and	intermetallics	distributed	within	
the	 aluminium-based	 matrix	 [4,	 12,	 13,	 14,15].	 The	 lamellar	 structures	 seen	 in	 the	 friction	 stir	




stir	 welded	 Al-Cu	 components,	 where	 most	 of	 the	 failures	 occur	 due	 to	 the	 formation	 of	 large	





Residual	 stresses	 can	 drastically	 compromise	 the	 structural	 integrity,	 performance	 and	 lifetime	 of	
welded	 components.	 Friction	 stir	 welding	 is	 associated	 with	 a	 substantial	 amount	 of	 plastic	






The	 longitudinal	 residual	 stresses	 normally	 have	 an	 M-shape	 profile	 with	 peak	 values	 in	 the	
HAZ/TMAZ		[20,21,22,23].	However	there	are	some	contradictory	reports;	e.g.	Liu	et	al.	showed	that	
the	residual	stresses	profile	in	the	8	mm	and	4	mm	thick	FSW	AA6061-T6	plates	did	not	have	an	M-
shape	 profile	 [24].	 They	 also	measured	 up	 to	 168	MPa	 residual	 stresses	 close	 to	 the	 edge	 of	 the	
rotating	tool	shoulder	on	the	advancing	side.	Such	a	high	level	of	residual	stress	is	about	60%	of	the	
yield	 strength	 of	 parent	 AA6061-T6	 alloy	 at	 the	 room	 temperature,	 hence	 can	 substantially	
compromise	the	joint	performance	under	the	service	condition.	Carlone	et	al.	measured	the	tensile	




stress	on	 the	advancing	side	was	 slightly	higher	 than	on	 the	 retreating	 side,	 i.e.	145	and	125	MPa	
respectively.	 	 In	 contrast,	 Prime	et	 al.	 reported	 very	 low	 residual	 stresses	 in	dissimilar	 friction	 stir	
welds	 between	 25.4	mm	 thick	 aluminium	 plates	 of	 7050-T7451	 and	 2024-T351	 [26].	 Their	 results	








All	 experiments	 were	 performed	 on	 the	 thin	 sheets	 of	 5A06	 aluminium	 and	 T2M	 pure	 copper	
(99.9%)	 both	 with	 approximate	 dimensions	 of	 300	 mm×100	 mm×2	 mm	 using	 a	 standard	 FSW	




Mg	 Mn	 Ti	 Al	
5.8-6.8	 0.5-0.8	 0.02-0.10	 Balance	
	
The	rotating	tool	was	made	of	W360	steel	with	a	15	mm	diameter	concave	shoulder	and	a	1.9	mm	
long	 /	 5	mm	 diameter	 cylindrical	 probe.	 The	 probe	 was	 inserted	 in	 the	 aluminium	 plate	 with	 an	
offset	 of	 0.5	mm.	 The	 aluminium	 alloy	was	 positioned	 on	 the	 advancing	 side	 of	 the	 rotating	 tool	
leaving	 the	copper	on	 the	 retreating	side.	Rotational	 speed	of	1000	 rpm	and	 traverse	speed	of	40	
mm/min	were	used	 in	all	welding	trials.	The	plunged	depth	of	the	tool	shoulder	was	0.15	mm	and	
















must	 be	 carried	 out	 using	 Wire	 Electrical	 Discharge	 Machining	 (EDM)	 to	 prevent	 any	 plastic	
deformation	 [28].	 The	 specimens	 in	 this	 work	 were	 cut	 with	 an	 EDM	 machine	 using	 a	 0.3	 mm	
diameter	brass-based	wire	at	a	constant	speed	of	1.6	mm/min.	The	specimens	were	submerged	in	
the	 temperature-controlled	 deionised	water	 during	 the	 cutting	 process.	 All	 cuts	 started	 on	 the	 Al	







The	 two	halves	of	each	 specimen	were	kept	at	a	 temperature-controlled	 room	 for	at	 least	1	hour	
before	 measuring	 their	 surface	 profile.	 The	 surface	 profiles	 were	 measured	 using	 a	 coordinate	


































the	 Young’s	 modulus	 of	 parent	 aluminium	 and	 copper	 on	 the	 corresponding	 areas.	 The	 contour	
method	is	limited	to	2D	measurement	of	residual	stresses,	i.e.	the	stresses	normal	to	the	cut	surface.	
However,	 3D	measurements	 of	 residual	 stresses	 using	 the	 contour	method	 should	 be	 possible	 by	
successively	removing	thin	layers	and	repeating	the	entire	process	 i.e.	depth	profiling.	 	Admittedly,	












The	 residual	 stresses	distribution	map,	generated	by	 the	contour	method,	 is	 shown	 in	Fig.	7.	 	 It	 is	
evident	 that	 the	magnitude	 and	 distribution	 of	 residual	 stresses	 are	 significantly	 different	 on	 the	
aluminium	 and	 copper	 sides.	 The	 longitudinal	 stresses	 (acting	 normal	 to	 the	 cut	 surface)	 on	 the	
aluminium	 and	 copper	 sides	 are	 tensile	 and	 compressive,	 respectively.	 Also,	 the	 width	 of	 the	
stressed	 zone	 in	 Al	 is	 far	wider	 than	 that	 in	 the	 copper.	 This	 is	 due	 to	 aluminium	having	 a	 lower	
Young’s	modulus	than	copper.	The	tensile	stresses	on	the	aluminium	side	are	extended	across	the	




work	 is	 consistent	 with	 those	 of	 the	 previous	 work	 conducted	 on	 similar/dissimilar	 aluminium	
friction	 stir	 welds	 [26,	 30,	 31,32].	 The	maximum	 compressive	 stress	 on	 the	 copper	 side	was	 very	
close	to	the	weld	centre	line.	
Very	 high	 amounts	 of	 tensile	 stresses	were	 observed	 in	 the	 aluminium	 TMAZ	 as	well	 as	 the	 joint	
interface.	The	residual	stresses	in	dissimilar	joints	are	due	to	having	different	coefficient	of	thermal	






From	a	different	perspective,	 the	thermal	conductivity	of	copper	 is	higher	 than	that	of	aluminium,	
i.e.	 	 401	W·m−1·K−1	 and	237	W·m−1·K−1,	 respectively.	 Therefore,	 the	heat	 generated	during	welding	
process	 dissipates	 faster	 in	 copper	 than	 in	 aluminium.	 In	 short,	 copper	 is	 a	 stiffer	 metal	 than	












270	 MPa	 close	 to	 the	 top	 and	 bottom	 surfaces,	 respectively.	 Although	 the	 exact	 source	 of	 such	
variation	 remains	 to	 be	 investigated,	 it	 is	 reasonable	 to	 “speculate”	 that	 the	 soft	 Al	 has	 already	
reached	 its	maximum	containable	 level	of	 residual	 stress	on	both	 surfaces.	The	yield	and	ultimate	
strengths	of	5A06	aluminium	are	171	and	345	MPa,	respectively;	while	those	of	T2M	copper	are	62	
and	227	MPa.	Therefore,	design	engineers	would	find	having	such	high	tensile	residual	stresses	quite	




95%	of	 that	of	an	 infinitely	wide	sample	 if	 the	coupon	 is	 twice	wider	than	the	width	of	 the	stress-
affected	 zone	 [34].	 In	 this	work,	 the	 sample	 coupons	were	5	 times	wider	 than	 the	 stress	 affected	
zone,	i.e.	20	mm	wavelength	of	residual	stress	shown	in	Fig.	8	compared	to	100	mm	wide	coupons.	









(1) The	 longitudinal	 stresses	 in	 the	 aluminium	 and	 copper	 plates	 proved	 to	 be	 tensile	 and	
compressive,	respectively.		
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